This study was designed to determine the effect of phytase extracted from Aspergillus niger (Natuphos ® E) on growth performance, bone mineralization, phosphorous excretion, and meat quality parameters in broilers fed available phosphorous (aP)-deficient diet. In total, 810 one-day-old Indian River broilers were randomly allotted into one of three dietary treatments, with six replicates per treatment. The three dietary treatments were 1) control group (CON: basal diet with sufficient aP), 2) low phytase (LPY: available phosphorus-deficient diet supplemented with 0.01% phytase), and 3) high phytase (HPY: available phosphorus-deficient diet supplemented with 0.02% phytase). Average daily gain and, feed intake, and feed conversion ratio were measured for 35 days. Excreta were collected from each pen on day 35. One broiler from each cage was euthanized to collect visceral organs and tibia samples. Broiler chickens fed LPY and HPY showed improved (P＜0.05) growth performance compared to broilers fed CON on day 35. The tibia length of HPY-fed broilers was more than those of broilers fed other diets on day 35 (P＜0.05). However, tibia calcium and phosphorous contents in LPY-fed broilers was higher (P＜0.05) than in CON and HPYfed broilers. Tibia length and calcium and phosphorous content showed a positive correlation (P＜0.05) with the weight gain of broilers on day 35. Phosphorous level in the excreta of LPY-and HPY-fed broilers was lesser than those of CON broilers on day 35 (P＜0.05). Furthermore, HPY-fed broilers showed lower (P＜0.05) phosphorous content in the excreta than LPY-fed broilers. LPY-and HPY-fed broilers showed higher (P＜0.05) liver weight than the CON broilers. In conclusion, broilers fed aP-deficient diet supplemented with phytase from Aspergillus excreted less phosphorus, which enhanced growth performance and tibia development from time of hatching to day 35 posthatching.
Introduction
Phosphorus (P) is one of the major and expensive macrominerals required for energy metabolism, regulation of several enzymes, and biosynthesis of nucleic acids and cell membranes (Richardson et al., 2009) . Furthermore, P is essential for maintaining the skeletal integrity of broilers (Scholey et al., 2018) . Better understanding of bone quality in poultry is important as bone breakage and related contaminations increase mortality while reducing efficiency, and carcass quality (Rath et al., 2000) . Additionally, weak legs often result in reduced feed intake, thereby affecting weight gain of the poultry (Orban et al., 1999) .
The available P (aP) requirement of broiler diets was estimated to be 0.35-0.45% (NRC, 1994) . A large portion of P in cereals and oilseeds is bound as phytate, which is unavailable to the broilers due to their limited endogenous phytase level (Morgan et al., 2015) . Therefore, poultry diets were formulated with excessive P from inorganic P sources for providing a safety margin (Van der Klis and Versteegh, 1996) . Consequently, excess P in the broiler diets is excreted to the environment, which has become a major environmental issue (Sharpley et al., 1994) .
The effect of phytase supplementation in the diet of monogastric animals is being extensively investigated (Adeola and Cowieson, 2011) . Phytase is a feed additive that dephosphorylates phytate present in broiler diets (Cowieson and Adeola, 2005) . Phytase has the ability to increase P availability and utilization in broilers (Nelson et al., 1971) . Broilers fed diets that closely mimicked their aP requirement, coupled with phytase, can be beneficial, with limited wastage of nutrients (Waldroup, 1999) . Broilers fed phytase-supplemented less aP diet showed improved growth performance and bone ash and mineral utilization (Olukosi et al., 2007) . Previous studies have shown that broilers fed diets supplemented with phytase improved P retention by 50-60% (Simons et al., 1990; Kornegay et al., 1996) . Pieniazek et al. (2016) reported that super dosing of phytase beyond the industrial level not only increase the P availability, but also the availability of other nutrients such as proteins, lipids, carbohydrates, Ca 2+ , Cu
2+
, and Zn 2+ as a result of elevated hydrolysis by phytase. Phytase also lowering the global feed industry cost by reducing the cost of nutritional inputs, for example, by replacing inorganic P sources such as dicalcium phosphate (DCP) (Mrigen, 2009) . Partial replacement of dietary inorganic phosphorous by phytase was confirmed in layers, whereas the results obtained with broilers were inconsistent (Um et al., 2000) .
Therefore, this study aimed to investigate the effect of phytase extracted from Aspergillus niger (as a replacement of dietary inorganic P) on growth performance, bone mineralization, P excretion, and meat quality parameters of broilers from the time of hatching to day 35 post-hatching.
Materials and Methods

Experiment Design and Management
In total, 810 one-day-old Indian River broilers (sex ratio 1:1) were randomly assigned into one of three groups, with six replicate pens per treatment (forty-five broilers per pen). The dietary treatments were as follows: 1) control group (CON: basal diet with sufficient available phosphorus), 2) low phytase (LPY: available phosphorus-deficient diet supplemented with 0.01% phytase), and 3) high phytase (HPY: available phosphorus-deficient diet supplemented with 0.02 % phytase).
Floor pens (5 m 2 ) were equipped with separate feeders and nipple drinkers. Temperature was maintained at 33±2℃ for the first three days and gradually decreased to room temperature (25±2℃) until the end of the experiment. Broilers were allowed ad libitum access to experimental diets and water via nipple drinkers. Broilers were vaccinated with New Castle disease vaccine on day 7 and Gumboro vaccine (Infectious Bursal Disease) on days 10, 17 and 23. All the management practices were conducted according to the guidelines of the Indian River ® broiler management handbook (Avigen, 2014) and the experimental procedure was per the specific guidelines for broilers presented in the Guide for the Care and Use of Agricultural Animals in Research and Teaching, 3rd edition (McGlone, 2010) .
Experimental Diets
The basal diet was based on corn and soybean meal with added DCP (Table 1) to fulfill the nutritional requirement per the Indian River ® nutrition guidelines (Avigen, 2014) . The other two experimental diets with aP deficiencies were formulated by removing DCP from the basal diet and supplementing it with 0.01% (LPY) and 0.02% (HPY) phytase (Natuphos ® E, BASF, Germany). The phytase activities of the LPY and HPY diets were 500 FTU/kg and 1000 FTU/kg, respectively.
Measurements
The total body weights of the broilers in each cage and pen and their feed intake were measured on day 35 posthatching. The total body weights and feed intake were divided by the number of birds in each cage to determine the average daily gain (ADG) and average daily feed intake (ADFI). Average daily gain and ADFI were used to calculate feed conversion ratio (FCR). Thereafter, mortality-corrected FCR was calculated by considering daily mortality records of each pen.
Sample Collection
Excreta samples were collected on day 35 of the experiment. Four broilers from each replicate were selected for collection of excreta samples. The selected broilers were fed pre-analyzed (phosphorous) feed samples for 3 days prior to collection of excreta.
At the end of the experimental period (day 35), the birds were subjected to 10 h feed withdrawal prior to slaughter. Four broilers with the closest median body weight were selected from each treatment. The selected broilers were weighed and sacrificed by cervical dislocation (Houshmand et al., 2011) .
Carcass weights and visceral organ weights (gizzard, liver, heart, and whole intestine) were measured from each eviscerated carcass. The carcasses were split into cuts such as breast and thigh, which were weighed to calculate the percentage weight relative to the carcass weight. Visceral organs were weighed using an analytical balance (Model -321 LX, Shanghai, China) and the ratios of the visceral organ weights to body weight were calculated.
Sample Preparation and Laboratory Analyses
Excreta and feed samples were dried at 103℃ for 4 h in a dry oven (model -GZF6020, Lanphan Ltd. Henan, China) to remove moisture before analyzing the P content. The method described by Quinlan and DeSesa, (1955) was used to determine P content in feed and excreta.
The right tibias of four birds per treatment were removed and stored in a freezer at −18℃ for measuring the bone length and, total ash and mineral (Ca, P) content. The tibias were cleaned by removing the adhering tissue. The lengths of the tibia were measured using slide calipers. Subsequently, both the head and shaft portions of the tibia were dried to constant weight at 105℃. The tibia samples were grounded and a known weight (M) was put into an empty crucible (empty crucible weight＝M1) and kept in the muffle furnace Srikanthithasan et al.: Aspergillus Extracted Phytase for Broilers 29 (SX4-10, China) at 550℃ for 4 h. Finally, weight of the crucible with remaining sample from the muffle furnace was measured (M2)".
Ash %＝M2−M1/M×100%
Ash was dissolved in concentrated HCl (1:1) for determining mineral content. Bone mineral concentration was determined following the procedure used for estimation of minerals in feeds and feces. Calcium content was determined using a titrimetric method (ISO 6490-1, 1985) and phosphorus content was determined using a spectrometric method (ISO 6491, 1998) .
Analysis of Meat Quality Parameter
Meat quality parameters were determined according to Jayasena et al. (2013) and Lakshani et al. (2016) .
pH of the Broiler thigh Muscle
Thigh meat samples were minced using a mincing machine (TS-JR12A, Teng Sheng Food Machinery Co., Ltd., Guangdong, China). One gram of minced meat was measured using an analytical balance (Model -321 LX, Shanghai, China). Meat samples were transferred into Falcon tubes (Biologix-model; 10-9152, Ying Xiu Road High-Tech Industrial Development Zone Jinan, Shandong, China). Subsequently, 9 mL distilled water added to the Falcon tubes and mixed well with the meat samples. The meat samples were homogenized using a vortex mixer (XINFU-SK-1, Hebei City Thermal meter instrument factory, Henan, China). The homogenized samples were filtered using Whatman No. 4 filter papers (Whatman International Ltd., Maidstone, UK). Finally, the pH of the filtrate was measured using a pH meter (pH 700, Eutech Instruments, Singapore).
Water Holding Capacity of the Broiler Thigh Muscle
Initially, 2 g thigh meat sample was measured using an analytical balance. The meat samples were wrapped with a round filter paper (Whatman No. 4; Whatman International Ltd.) . A standard weight of 10 kg was applied on the meat samples for 5 min, after which, the meat samples were reweighed and the water holding capacity was calculated (Lakshani et al., 2016) .
Cooking Loss of the Broiler Thigh Muscle
To analyze cooking loss, 30 g thigh meat sample was vacuumpacked, sealed, and placed in a water bath (JONILAB ® JN-WB001, JOAN Lab Instrument Co. Ltd, Zhejiang Province, China) at 85℃ for 30 min. The sample was allowed to cool to room temperature (20-25℃) and the final weight was measured. Cooking loss is equal to the weight loss after cooking and is represented as a percentage of the initial weight (Önenç et al., 2004) .
Statistical Analyses
Data were analyzed using the General Linear Model (GLM) method of one-way analysis of variance (ANOVA) of the SPSS software (version 24, Armonk, NY: IBM Corp.). A pen was considered as the experimental unit for growth performance and the selected broilers were used as the experimental units for analyzing tibia characteristics, visceral organ weights, and meat quality parameter. Differences between means were tested using Tukey multiple range test wherever appropriate (P＜0.05). Correlation between the tibia characteristics and growth performance was determined using Pearson's correlation test.
Results
The effect of broiler diets with or without phytase on growth performance of broilers from the time of hatching to day 35 post-hatching is summarized in Table 2 . Average Daily Gain of broilers fed HPY and LPY was higher (P＜ 0.05) than that of broilers fed CON from the time of hatching to day 35 post-hatching. In the present study, broilers fed LPY showed higher (P＜0.05) feed intake than broilers fed CON and HPY from time of hatching to 35 days posthatching. Furthermore, broilers fed HPY showed lower (P＜ 0.05) feed intake than broilers of the CON group. In addition, broilers fed HPY showed better FCR (P＜0.05) than those fed LPY and CON from time of hatching to 35 days post-hatching. These results indicated that, broiler diet supplemented with 500 FTU/kg phytase can replace the DCP supplementation while improving the growth performance of broilers from time of hatching to 35 days post-hatching.
The effect of broiler diets with or without phytase on tibia measurement of broilers from time of hatching till day 35 is summarized in Table 3 . The tibia length of broilers fed HPY and LPY was higher (P＜0.05) than those of broilers fed CON. Furthermore, broilers fed HPY had longer (P＜0.05) tibia than those of broilers fed LPY on day 35. The tibia ash content on day 35 did not vary significantly between broilers fed different diets. However, broilers fed LPY showed higher (P＜0.05) P and Ca content in the tibia than broilers fed HPY and CON. Interestingly, broilers fed CON showed lower (P＜0.05) tibial Ca and P content than broilers fed HPY. Table 4 shows the correlation between tibia measurement and growth performance. A positive high (P＜0.05) correlation was observed between the ADG and tibial Ca and P content in the broilers. The length of the tibia correlated negatively (P＜0.05) with the FCR of the broilers on day 35.
The effect of different dietary treatments on carcass quality is summarized in Table 5 . None of the experimental diets significantly affected the carcass, thigh muscle, and breast muscle weight percentages on day 35.
The effect of different diets on the weight of visceral organs after 35 days is shown in Table 6 . In this study, the liver weight of broilers fed diets supplemented with phytase was higher (P＜0.05) than those of broilers fed CON. Furthermore, the heart weight of broilers fed LPY was lower (P＜0.05) than those of broilers fed HPY and CON on day 35. In addition, the weights of gizzard and small intestine did not differ significantly among broilers fed different diets.
The effect of different dietary treatments on meat quality parameters of broilers is shown in Table 7 . Meat quality parameters (water holding capacity, cooking loss, pH and color) of the thigh muscle of broilers did not differ significantly between the experimental groups on day 35.
The outcome of broilers fed different diet on the ratio of feed P to excreta P levels on day 35 is shown in Fig. 1 . Results showed that the broilers fed HPY attained the least (P ＜0.05) fecal P content, which was proportionate to the feed P content, compared to broilers fed CON and LPY on day 35. In contrast, broilers fed CON showed the highest (P＜0.05) P excretion, which was proportionate to the feed P content on day 35.
Discussion
Reduction of inorganic P usage in broiler diets using microbial phytase has been extensively debated (Scholey et al., 2018) . Furthermore, previous studies have shown that microbial phytase supplementation in P-deficient diets affect growth performance and bone mineralization of broilers (Anjum et al., 2018; Scholey et al., 2018) . Waldroup, (1999) noted that broilers fed P-deficient diet supplemented with phytase excreted less P while performance of these broilers Journal of Poultry Science, 57 (1) 32 was improved. However, these studies did not focus on the effect of phytase on broiler meat quality, visceral organs weight, and growth performance when inorganic P sources were completely eliminated from broiler diet. Therefore, the present study aimed to determine the feasibility of using phytase in P-deficient diet for obtaining better growth performance, tibia characteristics, and meat quality by improving P utilization. Interestingly, improved growth performance was observed in broilers fed phytase-supplemented diet. This is in agreement with the results of Viveros et al. (2002) who showed that the growth performance of broilers fed P-deficient diet supplemented with 500 FTU/kg phytase was better than that of broilers fed P-sufficient diet on day 42. Furthermore, many previous studies (Waldroup et al., 2000 , Zyla et al., 2000 have reported that the ADG of broilers fed P-deficient diet supplemented with phytase was higher than that of broilers fed P-deficient diet without phytase. Improved growth performance was noted when phytase was added to the P-deficient diets, which might be due to increased supply of P during growth (Onyango et al., 2004) . Furthermore, Nagata et al. (2011) has reported that phytase can improve growth performance by supplying better nutrients (mineral, protein) and promoting energy utilization in Cobb broilers for Srikanthithasan et al.: 42 days. In summary, 500 FTU/kg improved ADG, whereas 1000 FTU/kg amended the FCR of broilers on day 35.
A recent study indicated that phytase enhanced the length of the tibia. Qian et al. (1996) mentioned that broilers fed Pdeficient diet had shorter tibia on day 21, which clearly indicates the importance of P regarding tibia length. Furthermore, Qian et al. (1997) observed that broilers (Peterson× Arbor Acres) fed P-deficient diet with 1050 FTU/kg phytase possessed long tibia on day 21. This indicated that the young broilers required high P levels for improving tibia length. Our results showed that longer tibias were obtained when broilers were fed diet supplemented 500 FTU/kg phytase along with a P-deficient diet on day 35.
In the present study, dietary treatments did not significantly alter the tibia ash content from the time of hatching to day 35 post-hatching. In agreement with this observation, Onyango et al. (2004) and Sebastian et al. (1996) demonstrated that broilers (Ross 308) fed P-sufficient diet showed similar tibia ash content along with broilers fed P-deficient diet supplemented with 500 FTU/kg on days 21 and 35, respectively. These results indicated that broilers fed P-deficient diet supplemented with 500 FTP/kg phytase completed bone mineralization on day 35. In contrast, tibia Ca and P content increased in broilers fed phytase-supplemented diet. Mondal et al. (2007) demonstrated that the tibia P and Ca levels were higher in broilers (Cobb) fed P-deficient diet supplemented with 500 FTU/kg phytase than in those fed Psufficient diet on day 42. Interestingly, Sebastian et al. (1996) observed that the Ca and P levels in tibia ash were higher in broilers fed diet supplemented with phytase instead of shaft of tibia, indicating that the head is the most active part in tibia. These results suggested that the availability of Ca and P from the phytase-mineral complex in feed stuffs was increased in broilers fed phytase-supplemented diet, which supported bone mineralization.
Dietary phytase did not alter the carcass, breast muscle, and thigh muscle yields of the broilers on day 35. In agreement with this observation, several previous studies (Angel et al., 2006; Nourmohammadi et al., 2010) have shown that broilers fed P-deficient diet supplemented with up to 1000 FTU/kg phytase did not affect carcass parameters on day 35. In contrast, Ravindran et al. (2001) suggested that incorporation of phytase into the diet may liberate the lysine from the phytase-protein complex. Lysine is one of the most important amino acids involved in accretion of breast muscle (Nourmohammadi et al., 2010) . The contrasting results obtained might be probably due to differences in the amino acid composition of the basal diet between the present and previous studies.
In the present study, the liver weight of broilers fed phytase diet was higher than those of broilers that did not receive phytase. The study of Akyurek et al. (2011) observed that Ross broilers fed P-deficient diet supplemented with 500 FTU/kg phytase showed higher liver weight than broilers fed an adequate P diet on day 21. Higher liver weight is associated with increased storage of glycogen in hepatic tissues (Nourmohammadi et al., 2010) . Therefore, phytase may increase glycogenesis by enhancing the influx of glucose 6-phosphate in to the glycogen synthesis pathway while simultaneously inhibiting glycolysis (Fushimi et al., 2001) .
Dietary supplementation with phytase did not affect the meat quality parameters of broilers on day 35 in this study. Similarly, Han et al. (2009) and Attia, (2003) reported that broilers fed a diet with 500 FTU/kg phytase did not display a significant effect on meat quality parameters (water holding capacity, pH, cooking loss, and meat color) compared to those fed phytase-minus diet. Anjgel et al. (2006) also observed reduction in litter P content in broilers fed a diet containing 600 FTU/kg phytase compared to that in broilers fed a diet without phytase at 49 days of age. Corn-soybean diets are rich in phytic acid, which is not available to non-ruminant animals. The ability of poultry and pigs to utilize phytate P is poor (Wu et al., 2003; Ravindran et al., 2006) due to insufficient quantities or lack of intestinal phytase. As a result, large amounts of P are excreted in feces, causing environmental hazard, especially in areas of intense livestock operations. Simons et al. (1990) and Um et al. (2000) reported that supplementation of phytase may lower P excretion by more than 40%, thereby improving P availability to the bird and increasing the retention of Ca and P (Lim et al., 2001 ). These observations support the findings of our study.
In conclusion, fecal P excretion, along with Ca and P retention in the tibia, was improved in broilers fed P-deficient diet (available P: 0.30%) supplemented with up to 500 FTU/ kg phytase, which enhanced the growth performance from the time of hatching to day 35 post-hatch.
